Introduction: Acute respiratory distress syndrome (ARDS) can cause severe morbidity and mortality after a pancreaticoduodenectomy (PD). However, very few studies have evaluated the risk factors for ARDS among patients undergoing abdominal surgery, with even fewer studies being performed for patients undergoing PD specifically. Methods: We performed a retrospective chart analysis of 200 patients undergoing PD between February 2009 and April 2014 in our Department and investigated the risk factors for ARDS by analysing preoperative chest CT scan images and other clinical parameters. Results: Among the 200 patients, interstitial patterns (IP) on preoperative lung CT images were found in 12 patients (6%, IP group). Of these, ARDS developed in 2 patients (16.7%), whereas ARDS did not occur in any of the remaining 188 patients without an IP pattern. Both of the ARDS patients died within 90 days without experiencing any other abdominal complications. The serum KL-6 level was measured in 6 of the 12 patients in the IP group, and the KL-6 levels were higher than the normal limit for our hospital (500 U/mL) in 2 patients. One of these 2 patients developed ARDS after PD. No other clinical findings or parameters predictive of ARDS after PD were found. Conclusions: ARDS after PD can occur in patients without any history of respiratory disease and is associated with a very high operative mortality. Interstitial patterns on preoperative lung CT images may predict a risk of ARDS after PD.
INTRODUCTION INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a life-threatening condition (1) and a leading cause of mortality in hospital intensive care units (2) . Despite advances in understanding of the aetiology and treatment of this disorder, ARDS continues to be associated with a high mortality rate. Among patients admitted to an ICU, 7.1% develop ARDS (3) . The overall prevalence of ARDS is reported to be 2.2% to 4.2% among patients who have undergone lung resection; among these patients, the mortality rate from ARDS ranged from 52% to 65% (4, 5) .
Several risk factors for ARDS after partial lung resection have been identified, including age > 60 years, male gender, chronic lung disease, reduced respiratory function, prior radiation or chemotherapy, concurrent cardiac disease, type and extent of lung resection, increased blood loss, blood transfusions, an excessive volume of intraoperative fluids, and reoperation (6) (7) (8) (9) (10) . A higher KL-6 value (≥1000 U/mL) may also indicate a risk of developing ARDS after lung resection (11) . However, the risk factors for ARDS after abdominal surgery remain unknown.
Only a few reports on ARDS after abdominal surgery have been published. Haga et al reported that the prevalence of ARDS was 1.3% after gastrointestinal surgery, including esophagectomy, pancreaticoduodenectomy (PD), hepatectomy, gastrectomy, colorectal resection, and laparoscopic cholecystectomy; the subsequent mortality rate, however, was not mentioned (12) . Brenner et al reported a case of ARDS after a metastatic liver resection (13) . However, no report focusing on ARDS after pancreatectomy has been published to date.
The cause of ARDS also remains unknown, and no effective treatments have been established. Although the incidence of ARDS after PD may be relatively low, once ARDS occurs, it adds an additional life-threatening risk to one of the most invasive abdominal operations presently performed.
In this report, we investigated the incidence of subclinical interstitial pneumonia among patients undergoing PD and the risk factors for postoperative ARDS. We also describe the clinical courses of 2 cases with ARDS after PD. 
MATERIALS AND METHODS MATERIALS AND METHODS

Patient characteristics
Acute respiratory distress syndrome (ARDS)
Among the 200 patients, two patients developed postoperative ARDS (1%). The perioperative management protocol has been described elsewhere (17) . In addition to a history and physical examination, preoperative evaluations including a chest radiography, pulmonary function tests, electrocardiography (ECG), and computerized tomography (CT) scans of the chest and abdomen were performed. Echocardiography (UCG), and positron emission tomography (PET) or brain imaging were performed to evaluate the disease extent, when necessary. PD was performed using a modified Child reconstruction. In cases with a narrow main pancreatic duct and/or pancreas with a soft texture, we performed a 2-stage pancreatojejunostomy (17) .
ARDS was defined as the acute onset of hypoxemia with abnormal oxygenation ratios [arterial oxygen pressure (PaO2)/fraction of inspired oxygen (FIO2) less than 200] and radiographic infiltration characteristics suggestive of pulmonary oedema according to the American-European Consensus Conference on ARDS guidelines (6) .
If respiratory failure (ARDS) occurred during the postoperative period, the patients were transferred to the ICU, where an arterial blood gas analysis and chest radiography were performed upon admission and daily thereafter. Patients were ventilated using low-tidalvolume ventilation and positive end expiratory pressure levels. Steroids, sivelestat, and antibiotics were also administered.
Risk factors for ARDS
The possible risk factors that were investigated consisted of an interstitial pattern on preoperative CT images, the serum KL-6 level, the Brinkman index (18), and the body mass index. All the interstitial patterns were diagnosed by radiologists.
Endpoints
The main outcomes were the analysed preoperative chest CT images, the serum KL-6 level, and postoperative ARDS. Secondary outcome measures were the surgical duration, blood loss, and the postoperative morbidity and mortality rates. Comparisons were performed between 2 groups: an IP group [interstitial pattern (IP) on preoperative CT scan images] (n = 12, 6%), and a non-IP (n = 188, 94%) group.
Statistical analysis
The statistical analysis was performed using JMP 13 software (SAS Institute Inc., Cary, NC). Categorical variables were analysed using the chi-squared test or the Fisher exact test, as appropriate. Continuous variables were analyzed using the Student t-test or the Mann-Whitney U test, as appropriate. A P value less than 0.05 was considered to indicate statistical significance.
RESULTS RESULTS
Patients' characteristics
Two hundred patients who underwent treatment between February 2009 and April 2014 were included in the study. Overall, 136 (68%) patients were male and 64 (32%) were female, with a median age of 70 years (range: 35-84 years). The pathological diagnoses responsible for the surgical indications were pancreatic adenocarcinoma (41%), distal common bile duct adenocarcinoma (15.5%), ampullary adenocarcinoma (13%), and duodenal adenocarcinoma (6.5%) (table 1). The patients' demographics, body mass indices, American Society of Anesthesiologists (ASA) classifications, Brinkman indices, smoking habits, and indications for surgery were similar between the 2 groups, but the patients' ages weres ignificantly different (median, 76.5 years vs. 69.5 years, P = 0.0033).
Abnormal findings on thoracic CT images obtained before surgery
Among the 200 patients who underwent chest CT examinations prior to PD, an interstitial pneumonia pattern (IP) was observed by radiologists in 12 patients (6%). Other abnormal findings are summarized in table 2. Table 3 shows the postoperative outcomes. The median operative time was 589.5 minutes (range: 254-1148 minutes), and the median estimated blood loss was 670 mL (range: 50-4350 mL). Major complications (Clavien-Dindo classification > Grade 3a or ISGPS > Grade B) occurred in 53 patients (26.5%): pancreaticojejunostomy leakage occurred in 55 patients (27.5%), post-pancreatectomy haemorrhage occurred in 9 patients (4.5%), hepaticojejunostomy leakage occurred in 4 patients (2%), and an intra-abdominal abscess occurred in 5 patients (2.5%). The 90-day post-operative mortality rate was 1.5% (3 patients). There were no significant differences in the surgical duration, blood loss, mortality rates, or rates of pancreaticojejunostomy leakage, post-pancreatectomy haemorrhage, hepaticojejunostomy leakage or intra-abdominal abscess between the IP and non-IP groups (table 3) .
Postoperative outcomes
Respiratory complications and KL-6 levels
Two (16.7%) of the 12 patients in the IP group developed ARDS (P = 0.0033; table 3, fig. 1 The serum KL-6 levels were analysed in 6 of the 200 patients, among whom the KL-6 levels were higher than the normal range (>500 U/mL) in 2 patients (770 and 714 U/mL). Among the remaining 4 patients with normal KL-6 levels (207, 396, 390 and 489 U/mL, respectively), ARDS developed in 1 patient after PD. In the other patient who developed ARDS, the KL-6 level was not measured ( fig. 1) . Case 1. A 79-year old female patient with a medical history of hypertension presented with symptoms of jaundice and lack of appetite. An abdominal CT scan revealed a tumour near the lower part of the common bile duct. A 2-cm diameter nodule in the right lower part of the lung and interstitial patterns in both lower lung fields ( fig. 2 : left side) were observed on a chest CT scan. A partial lung resection was performed to exclude pulmonary metastases. However, the pathological diagnosis was mucosa-associated lymphoid tissue (MALT) lymphoma. She underwent a PD 14 days after the lung resection. The operative procedure was uneventful, bleeding was minimal (400 mL), no transfusion was necessary, and no intraoperative respiratory complications arising from the general anaesthesia occurred. On postoperative day 4 she presented with dyspnoea, hypoxemia, and a consciousness disorder. A CT scan revealed pulmonary oedema and consolidations on both lungs ( fig. 2: right side ). An arterial blood gas analysis revealed severe hypoxemia (PaO2/FiO22 ratio = 150), suggesting ARDS. Intubation was performed, and the patient was placed in the intensive care unit. However, her condition worsened even after steroid pulse therapy was repeated 3 times. Finally, she developed a pneumothorax as a result of barotrauma caused by mechanical intubation and died on day 62. Case 2. A 73-year-old man with a sudden worsening of diabetes mellitus, underwent an abdominal CT scan, revealing a tumour in the head of the pancreas. A chest CT showed interstitial patterns ( fig. 3 : left side). PD was successfully performed with a blood loss of 1400 mL and without the need for blood transfusion. No intraoperative respiratory complications arising from the general anaesthesia occurred. On postoperative day 3, he presented with hypoxemia, and a chest X-ray showed infiltrative shadows in both lower lung fields. We suspected pneumonia or mild heart failure, and antibiotics and diuretics were administered. However, his condition worsened. A chest CT scan performed 7 days after the operation revealed pulmonary oedema in both lungs ( fig. 3: right side ). An arterial blood gas analysis revealed severe hypoxemia (PaO2/FiO2 ratio = 105); thus, we diagnosed the patient as having ARDS. Intubation was performed and the patient was placed in an intensive care unit, but his condition did not improve with medication. Mechanical intubation was necessary beginning on postoperative day 17, and we repeated steroid pulse therapy twice. Finally, he developed pneumothorax as a result of barotrauma caused by the mechanical intubation, and his condition gradually worsened until he died on postoperative day 26.
DISCUSSION DISCUSSION
We experienced 2 fatal cases of postoperative ARDS after PD. Despite intensive care, both patients died within 90 days after surgery. Although the number of patients in this series is limited, an interstitial pattern on preoperative CT images and a high KL-6 value of more than 500 U/mL may be risk factors for ARDS after PD.
ARDS develops as a result of an inflammatory process that occurs at the alveolar-capillary interface in the lungs, where the blood in the capillaries remains separate from the gas present in the alveoli (19 (20) . Patients with ARDS frequently develop multiple organ failure, including hepatic, renal and hematopoietic failure, and laboratory testing is needed (21) . Currently, there are no established effective treatments to prevent or control ARDS (22) (23) (24) . However, several therapies are currently being used for ARDS. ARDS is an acute lung inflammatory disease with the involvement of diverse inflammatory cells and mediators. However, the use of anti-inflammatory corticosteroids does not reportedly improve survival (21, 25) . The use of neuromuscular blocking agents (NMBAs) as a treatment for ARDS remains controversial. NMBAs might only be beneficial for reducing barotrauma and ventilator-induced lung injury (26, 27) . According to Tsuboko et al., sivelestat is effective for patients developing ARDS after surgery for abdominal sepsis, enabling early improvements in oxygenation and multiple organ dysfunction (28) . Mechanical ventilation with a lower tidal volume (4-6 mL/kg) and airway pressure (maintenance of a plateau pressure between 25 and 30 cm H2O) has been reported to reduce the mortality rate among patients with ARDS (29) . Prone ventilation has also been reported to be effective in obese patients with ARDS (30) .
We attempted all of the possible treatment options for the 2 ARDS patients, both patients died during hospitalization. Our ARDS prevalence rate of 1% was almost the same as the rates reported in two studies describing patients undergoing lung resection who subsequently developed ARDS.
The risk factors for ARDS after abdominal surgery have not been specifically reported. However, the present findings suggest that an interstitial pattern on preoperative CT images might be a risk factor for ARDS after PD. Furthermore, we had one patient who did not develop any complications after a partial lung resection but who developed ARDS after a PD. A prolonged operation time and major postoperative abdominal complications are risk factors for pulmonary embolization (31) . Since PD is one of the most invasive abdominal surgeries presently performed, the development of ARDS may contribute an additional fatal risk.
The relatively small number of cases of ARDS (n = 2) among the patients who underwent PD (n = 200) at our institution and the investigation of only two independent risk factors were limitations of our study. Further research is required to understand the role of interstitial patterns on preoperative CT scan images and the preoperative serum KL-6 level in critically ill patients with ARDS after PD.
CONCLUSION CONCLUSION
In conclusion, the presently reported data suggests the importance of preoperative evaluations of interstitial patterns on preoperative CT images, given the potential risk for ARDS after PD. Although further investigation is needed, KL-6 may be a useful marker for stratifying the risk among patients with radiological IP.
